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2 0 0 2 - 3 8 2 6 1 0 ^- v I 1/ 

1 ] W&^W? 1 0 V c m2^TT?* U , ft*gOg £ 2 c mJ&l 
[IS*Jg 2 ] 3£Mj£^ 1 0 V c mZ&T-e* 0 , ^*#<OS $#3c 

[W^4l mcirvtA (G a n) JMtfto«iS^rffi-c*or, ^-m;* 

A (Na) T^fc'J&JR (Na*r|fe<) ££tTr*# V±«&*0^fc < i 
i-^t^777^X (Flux) (f»tCUV>T, A (Ga) ( 

7**V4«!J», (Li) , (K) , ;Hfv 

(Kb) , ty^A (Cs) iii^^VvW (Fr) frb%Z>%$frbm 
$lZtLtz'J?%< t i>— -oX-$>*)s 7 fr* ') ±m&mi>K (Ca),^ 
M3>^*a (Sr) , /n'V^A (Br) &£Zf?WA (Ra) 

ISSUES 6 J Htrfe?g^"7 7 7^^ th')f At*Jl/>"7A ojii-g--7 9 y 

lfff#£7] -^h'J^A (Na) ti])Vi/*7J* (Ca) O^CJtt^ */u 
~>^A (Ca) Oifc^\ 0. 1-9 9mo 1 %©ttHT&*W#3E6 IE1RO« 

[»*£8] frfB?S-a-7 7y^^^ tl-'JW (Na) -hVf-^A (Li 

[ISM 9] i-YVVA (Na) ii'J^A (Li) 0<£tf-K*H-£ V 
A (L i ) 0 . 1 ~ 9 9 m o 1 %<^$&HT-&£fM^ 8 gE«0«jf* 
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#12 0 0 2 -3 8 2 6 1 0 ^_~>- 

im-Rm i oj mmKm&mK w& i o o ~ 1 2 0 ors^ 1 0 0 p a ~ 
[ft»i u ititLt, mm (n) ^*-x^ffl-r^ ) jt^ ]fi 4^ lb 
ummi2) mm (n) s^*^ (n 2 ) ifx&i.xir>*-T 

(NH 3 ) ^Xco^^< t^-^T^^If^l lfBfcOtSjgtffifc. 
Cff«13] g$ (N) #W2fX^\ T>^^T (NH 3 ) #*£L<(± 

> -fttMl? (n) ^t^ri^^-e^^if^Jii 2iemo^it^ 0 

1 e j m t * &mt# v * a # % iioiit* * 1 4 4 * 

it 1 5 83«o«jS^ffi 0 

1 7 J «fg5*ffli^ **LhU«jft3*iTV»s«f*;S l 6 SB«0«jg 

9] Mre^Mtt^ (Si) , T)i>$i- (a i 2 o 3 ) , -f > 

v->A (In) , 7*3 (AI) , BiM>V*A (InN) . gflSg* (Si0 2 
) , mU>W2» (L12O3) , (Zn) , ^*->*A (%) % (Z 
nO) , Mt-m*sVA (MgO) £«fc£WW^A (Ge) 

[»**2 0] S«J|L«|fA«:j£ft$«£|»^!S4^e> 1 9 <OV>-f ti^KIEIS 
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#M 2 0 0 2 -3 8 2 6 1 0 : 3/ 

*79y***K:t3V»T, #V*A (Ga) t&m (N) £ t iz 

£l)mt-ff')>yA (GaN) wliMtfifcjfcftS^&gfbtf'; ^A#^ H B H Oi?^ 

m^*, mmmiktrv *A*mzLxmt:%mkifv*^m&*i8.&z-£z>%k 

2 2 E«0«ft^Fft 0 

[ff«2 6] «£&S2fbtf"'J*A«)*;*:g^ 2 cma±T-*SIt« 

[W*g2 7] mb&Z&iktf>) VAVtem*. 3 c m a±t-*4w 
22H2 5OV>-T*t^{CfB3aoSlig^a 0 

2 2 T^b 2 5 m>-fft*K:iettoiK63rffi 0 

IW*£3 0] ^bW\ Ca 3 N 2 , L i 3 N. NaN 3 , BN, Si 3 N 4 , is X IflfoN 

I»3fc£3 2] Mia^»#\ if (Si) , T)V3.± (A l 2 0 3 ) , * > 
v'SA (i n ) , r;i^-*A (Al) , Mit^yVOA (InN) , SMb&Sf (Si02 

) * mikjywi* (in 2 o 3 ) % mm (zn) , v^^v^a (M g ) , mtwm (z 

nO) , mtW^sVA (MgO) fiimvsiJrA (Ge) ri>&&«#d"bjBft 
[»*^3 3] 7 'J-T^A (L i) „ ^HJf/A (Na) , 
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#'j«7A (K) , ^fcfv^A (Rb) , -fcv-7A (Cs) HXXfyyy^^A ( 

Fr) frhb&'&frhmgizintz&ts: < t o-e&*K 7;v#';±^£:Ji^\ 
7j;i^>>7A (Ca) . Xhn>f^y, (Sr) , A (Br) £ «fc 0*7 v -i? 

A (Ra) ^f,^^^^S«?H^< £ ^-oT-^>^ff«2 2^t>3 2 

(0 0 0 1] 

*f&Bli, Mit^'V^A (GaN) O^HlO^it^^Mi-^,, 
[0 0 0 2] 

RfcZ*tZ>z\ttfftt>*iX^tz 0 Ltf»U 13 

0 0- 1 6 0 0 8000-1 7000a tm (0. 8 1-1. 72 MP a) 
fc^-5tt*iMffi*i&R*:-*-So -^WfllS:*ft-r-5^:ie>tc, ^h>;>?A (N a 
) 777^X^TWJ ^A#^ B B B ^W^-r^.M (AT, rNa77-^X 

iDaftS«d*6 0 0-8 0 0 C t^ipIHT^i? , $ fcETJ <Ktt50atm(jfc5 
MP a) SIK-WKt^^o L*U -O^tli, ftfe*i£J|Lj|&i 
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[0 0 0 3] 

I##lfcfclK 1 ] 

J. Phys. Chem. Solids, 1995, 56. 639 

*m&W&&5 868837? 
[0 0 0 4] 

[0 0 0 5] 

[0 0 0 6] 

[H^OHMOB.^] 

[0 0 0 7] 

ifc, fOf»fi$|±, 3cm&±^L<, «t L<«5 cm£li 
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#12 0 0 2-3 8 2 6 1 0 ^?-->* : 6/ 

[0 0 0 8] 
[0 0 0 9] 

£-f> ^l^^-jfeJi, M^^'y^A (G a N) ^ H B H OMii^T^oT 
, i-hV^^ (Na) T;U#'J&^ (Na«<) *5 J: tFT^^ 'J±®^m 
04>&< i: ^-^t<7)rI^-7 7 v ?X (Flux) <£K£v>T, tf'J-^A (Ga 

) tmm (n) t t^j: vmit-tr*) *7^<r>%.m&*$L&z*t&m 

[0 0 10] 

-roi^, tf'j^Ai:, r^v&Ji (Na^iO ^L<{ir;v^-;± 
[0 0 11] 

*mwiz&\,*x, 7)\s*i)&miz, V^VJ* (Li) , ay^A (k) , ;utf 

v'^A (Rb) x -fev^A (Cs) &&Tf-77y*s*7A (Fr) »K 7;l/# 
U±^&jRtts #;V->?A (Ca) , ^fn>f^A (Sr) „ /*y$rA (Br 
) fcil^v^A (Ra) X~$>Z>o Ctt^fi, JWBrt»«Jl§LT*>&v*U 
m±T#fflLTt «fcv\, »*Lv»Ott. Li, Ca, K, Rb, C 
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#12002-382610 

} ) ±m±m<omuw (mo 1%) (4. j-vvyj* (Na) tr^* v£Ji33 4 
rfT)vij*)±m£mt<D<kmznL, «x.ar, o. 1-9 9mo i%^ht^ 

»K«F*L<tt, 0. 1-5 Omo 1 %Oi£ffl-C&*K «fc *)1fttL< 1*2 . 5- 
3 Omo 1 %<0$EBt?&& 0 ifc, 'J^-^A (L i) f L<l±*;i,y^A (C a 
) ^Mj^A (Na) fc#;i^>*A (Ca) <tO-£-ftK 

*t-r^^^v^A (Ca) (Ditm (mol%) (4, fl|x.{4\ 0. l-9 9mol 
%<7>$&BT*&*K Ut L< «4, 0. 1 ~5 Omo 1 %<7)$gH-e^(9, J: L 
<«42. 5-3 Omo 1 %OfSBT-&£ 0 tfc, tfV^A (Ga) ti~hV^A 
(Na) t0^lttC^-r^f-h.;^A (Na) OJt^ (mo 1%) {4, Mx.(4\ 
0. 1-9 9. 9m o l%^IBt*l), 0iL<{4, 3 0~9 9mol%O$g 
B-C&fK 4 L< J4 6 0-9 5 mo 1 %O$SB-C&& 0 A : H; 

: 'Jf^AfKl^^y^A^mo 1 Jfc{4, 3. 7:9. 75:0. 25 

[0 0 12] 

«BJK45^T, tuf5?#H!<7)^#{4, ^^.{4, fijgl 0 0 - 1 5 0 0"C, JE# 
1 0 0Pa-2 OMPaf*0, *f£L<<4, fij£3 0 0- 1 2 0 0*0, jE# 0 
. 0 IMP a- 1 OMPaT^f), 4 O0SLO4, 5 0 0 - 1 1 0 0*C, 
fftFO. IMP a-6MP aT-&& 0 
[0 0 13] 

*§§BJ!tC4SV>T, Buf2Mlt (N) #^"^(4, $lxJ4\ M?£ (N 2 ) T 
>*-T (NH 3 ) 2fx^-c&^ -*t<b(4?i£-LT*>4<, rI^Wf4flM$ 

[0 0 14] 
[0 0 15] 
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8/ 



■?§&o miaiufB^»{±, ftlxff, H (Si) , TJV^f- (AI2O3) >f> 
(In) , 7^5-7A (Al) % >v'7A (InN) , Rft&ft (Si0 2 

) > SKfc'Ov^A (In 2 0 3 ) x m& (Zn) % -*7**/*jU (Mg) , Btffc3E|& (Z 
n0) , mt-?if*v*7 2» (MgO) , y^7A (Ge) W$>Z> 0 
[0 0 16] 

1 (A) tC^i-idr, ^<7)^g(± N ^^/MU, t^4t, 
*KE1I3*ifc»»WE«3 fc £^1" 0 #X**>^t 1 |;|J/^7'2 1 j&qgigfcS 

*)-ir/<()\>-72 4*nE«SiiTV»4o /<-f/2 1 fi/U ^ 2 2 fcftR U 

2 2ti/^ 7" 2 3 fcilU £ft«^4 0>**r»ALT»JE»«^S3fc 

*«LTv»a 0 *7t, mi (b) n^-t-i^tc, ts»f,3(ot tzii, to 

10 0 17] 

ftbti&o tt\ W6ic, ^f'J7A, f-HJ^A, *;i/v-7A#co*t#^An 
, ^7 (2 1, 2 2, 2 3) iMLxmmttirxZME.W%k®&3mzM2> 

•to 

10 0 1 8] 
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t i>— J^il7 7 y **e|»K£v»T\ (Ga) ta* (N) t 

£££ J: VmittfVVA (G a N) WS^il^t^Ij^'j 

BuiEMlb2P; * A L-Cfrfcfcaifctf V >>Aiji 

[0 0 19] 

a £±£ < -tiui-tzK t\ * < fra-fban; 9 AJMSAfrtis c: * 

[0 0 2 0] 

^ &fc<DttntLxi±, m*-n. ^Ma^tarv^A (GaN) % it&mmtT 

)U$-*yA (AIN) , t7r^7, <>»>a> (Si) % #V*A-»* (G a A s 

) , a^aru^A (GaN), a-ftr**-** (AiN), xitnm (s i 

C) „ aft*** (BN) , WtV+QAfrVVA (L i Ga0 2 ) , *->3Rft 
(ZrB 2 ) , BHCXtt (ZnO) , #i*'7X, «; > 

tt*-7?St (BP) , MoS 2 , LaAl0 3 , NbN, MnFe 2 0 4l ZnFe 2 
0 4 . ZrN, T i N, V>{t#V*i* (G a P) , M g A l 2 0 4> N d G a 0 3 
, L i A l 0 2 , ScAlMg0 4 , Ca 8 La 2 (P0 4 ) 60 2 ^&$>Z>o 
&&it#i)*A]£&&nVk<oMMi. #KjWR$*L-r, 0. 0 0 0 5- 
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lOOOOO^m, »f L<liO. 001-50000^ m. i 0 jfiFi L < (4 0 
. 0 1 - 5 0 0 0^ m<0|EH-C**o flft*ry 9 AJftBABKfi, 
&**WIIfcS8: (MOCVDft) % Av^f K^ffiffilS (HVPE) , fr=?-$L^ 
fcf**y-£ (MBEft) fCiot, ««±^«-C**o 4fc, &*LhK2 

o Tiyf5ii§|£>|i*@fi, ±#tf*iidf^#{ifc*J;v^\ #!lx.(i\ 2 cm£imn 
, #iL<l±3 cmfllf*!!, if)»iL<{±5 cmJai^So 
[0 0 2 1] 

< :t*fi LV\> tfnEgffcWi* fl^tf, rt s , C a 3 N 2 ^ L i 3 N, NaN 3 , BN, 
Si 3 N 4 , InN^E*** t), Ztib ttiJm-C&m LXi>±<, 2 «SUSL±t?#ffl LT 
&±v>o mtimim<Dy9 v **fcfc»t*i9'fr(±. O.OOOl mole% 
-99 moleX, T?* •) , U t L < tt % 0.001 mole%-50 mole%T*^> 0 , XVfttL 

< {±0.005 mole%~5 mole%-C&& 0 

10 0 2 21 

[0 0 2 31 

KrgE»2 0jRjt**fe(wi5V»T. 7/H&';&JRJ± % ')f-)A (Li) , th'J^ 
A (Na), (K) % JUWVA (Rb) % -fev^A (Cs) tSXWy 

7>'>W (Fr) T^*'J±jjlAHtt, *;k>^A (Ca) % ^hn 

>^9A (Sr) , /t'J-JA (Br) j3«fcrr?v*9A (Ra) 0 N Zflbli 
fMfflLTU< (f«77»/n) , 2TOm±T*#fflL-C^«tv> (ffifc 

[0 0 2 4] 
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«riB#io«jt*efetiai»t:Lr*Mn?s* 0 «x.if, 

[0 0 2 5] 
[0 0 2 6] 

(mmm 1 ) 

o -t%t>*> y /f'j*A, i-hWA, Tj^v^A^BNTOt'Att, ^3ff (N2 

JfcKl L /:<> 

[0 0 2 7] 

Wi&rat : 8 0 0 "C 

(N 2 ) : 30atm (3. 04 MP a) 

m&mwi : 9 6 

ffifflitfJfl : B Nltfi© 
[0 0 2 8] 

tfVfA (Ga) lgfcJtU &T<7>m<OM&-?, -f-hWA (Na) t*^ 
(Ca) fcBB£-Lfc 0 

t>^No. Na : Ca (m o lflO Na (_gj .Ca Ul_ 



1. 



9.75:0.25 0. 85956 



0. 0 3 8 4 2 2 



2. 



9 : 1 



0. 7 9 3 4 4 



0. 1 5 3 6 8 8 
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# 
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3 - 8.5:1.5 0.74936 0.230531 

4 - 812 0.70528 0.307375 

5- 7.5:2.5 0.6612 0.384219 

6 - 7:3 0.61712 0.461063 

10 0 2 9] 

*fris^A>zm\\L%fr-otzMUi, mmmtmmizLx (Ga :n 3 ( 

=3 : 7) ^Ao^^^M^t Lfc 0 

10 0 3 0] 

Stttf'; *AO*tig{±, 7C^# (EDX) , *]>;l^*-te>* (PL) Hi 

*) fro tz 0 Ttrnfi-tiri*, mi-wffl.mz x <o m.n<7)&w zmm. Ltctfh, tmms. 
1 5 k v (Dm^mmtz xn^-ofz 0 * h * 5 * -t > x m^{*> ns-e^ y -> a 

[0 0 3 1] 
10 0 3 2] 

Gal. 0 0 (g) K*f-f £ 

•9->7°^N o. Na :Ca S^^f'J ^AgQ^fifeJ- ( g ) 

1. 9.75 : 0.25 0.09102 

2- 9:1 0.16016 

3- 8.5:1.5 0.11704 

4 - 8:2 0.13543 

5- 7.5:2.5 0.13827 
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6. 



7 : 3 



0. 0 16 9 9 



JfcttW 



(N a (7)*) 



0. 0 15 4 9 



[0 0 3 3] 
10 0 3 4] 

£><K £(4, SEM^*T% ±{46 0 0 OfiF, Ti± 1 5 0 0 0f&Ofif^T?**„ 
I0 0 3 5] 

mmm2) 

WM^J (N 2 ) £l 5 a tmCl^LT, ^ffc#'; * AOJfcM&gji L£ 
o tfc. #'J*A (Ga) 1 gCWU tb'j^A (Na) 0. 7 4 9 3 6 g, 
■hfr'ytjU (C a) 0. 1 5 3 6 8 8 g*^L/; (Na:Ca = 9: 1) , : 

, ft fcftifcSfttf'y *A<0£j£*HU 0. 0 6 9 0 2 gX~$>vtz 0 
[0 0 3 6] 

(m«rs) 

SJittWt7r^7lS (ffi4mm, #1 5 mm, J£* 0 . 3 mm) <7)±.i; 
> ftft^ry^AJMSAoJWt (Jl<^3^m) fcJBJftLjfcfcOfciWIILfco -ft* 
, BNifi® (flgHmm, K5mm) KAti, Sibil, (Ga) > 

tHi^ (Na) , U)Vi/*?A (Ca) £Aft£ 0 ^LT, CtL$r, 
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> TB^m-To ttz, W^*t^fifSOSEM¥A*r, 1213 ^i" 0 
[0 0 3 7] 

l?j£aK : 8 o o "C 

: 3 0 a t m (3. 0 4 MP a) 
IM&ISH : 2 4 M 

N a : C a = 9 : 1 Wig tc**-f &^;Hfc) 

[0 0 3 8] 

H3tCi3V^T, (A) 5 0 0#OSEM?KT*»), (B) ^ 6 0 0 0 

A^jfta i i <z>j&Kj&*?smb-c# £o 

[0 0 3 9] 

1CK#HIL/So #aiRB*K:a*^t30»E*-e#JEL % 96B#p B 1, fijg • EE* 

^^cotiJ^-HLTto Sfc* #V W^77y*X&j£Jt&1£K^;u#-C3.7:l0i: 

*>*Lfciji.ttJ| (Na :Ca = 9 : 1) O S EMfA^@ 4 Kjjrt- 0 
[0 0 4 0] 

Na ; C a BdhMUjlAMSM (%} 

9.75:0.25 7.58% 

9.5:0.5 13.94% 

9 : 1 13.34% 

8.5:1.5 9.7 5% 

8:2 11.28% 

7. 5 : 2. 5 11.5 1% 
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^-v*: 15/ 



7 : 3 



1.41% 



Na$a7 7ynw|# 1. 2 9% 
[0 0 4 1 ] 

4^-t-i^tc, f»&*Lfcatfb*p; *-©*:fc&fi, 2 cm 

[0 0 4 2] 

(**«5) 

^r^V^SflK, K$-(2f; ^A1.0g)t75y^A(f h V ■7A0.50g£J:Z>* 
* ;v v -> A 0. 10g) * Mtb tzm.it * * 3Rltf« £ A*u Xf>^»ri fir JSifiK 

JfcT-3.7:l0-e&*K b >; ^A»*^>/>>Aii9:it*4, ifcUcflli: LT, 
[0 0 4 3] 

H5Kat*-J:}K % th'^AWi^ GaN3£ H B H £j&K25^jEiiU:£^L 
[0 0 4 4] 

^)£§S#£Mffc*7St:ttriffi£A*L, ^x>P7.#^c: < hW^^-e^)^850 < C 
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10 0 4 51 

(»J7) 

Xt- >1/Xf#rti;, JMWJ <7A1.00g)t77 v h V •> A0.881g)S. 

^|^KM^#*£50^JE£i:-#J±U 96B#|UL Sjg • ff^l *-^t3^#L/c 

^i^M^SOO^mOGaN/N'^^^^gL/Co CLOGaN/^^ H B a<7)7 * b/U 

5 * v -b (PL)$iJ;££fif o EI 8 0^7 7 Kjj?-* i -? fc„ Jft*T*l|-e 
£>*M0CVDKJ: 0J«KLfcGaNtWLT»JftJt-C43ffifO«jte*«a(Lfc o -x 
•7 * > 7& CiO $£{£^ * Wife L fc £ % , MOCVDffi CiottfL £GaNM 
±-Ct±106/cm2ejKO|Effi3&»«i|H$*L^^ GaN/W^ttflO^Wt, «t?*Me#-C 

6 o jfc m 9 O S E M¥*#PS) o 

[0 0 4 6] 

(^ife«8) 

^f^l/^^fii:, SfK^'J *A1.00g)i79 y h '1 7 AO. 50gj3i 

XfiJ v 7 AO. lOg) J: o f fifcJR 1 £JRJ*3 M ^r-f 7*«±G 
aN»R£-fey h Lfc2ffc***i*«*A*L, Xf teM^ 
800*C^#i§LL7to #£fcroi$fc:2*#*£5^£t?#fiEU 961$ ££ • J± 

5SCHi*Lfco -e-Ofif*, M«^£J:oTj£B&LfcJ¥$3^m©GaN*#± 
KI|^2/£m©&fe£^GaN/t/l/*ft,&ri*j&ft Lfc ([HI 0 O S EM||#|), 

HuffiM-fk**'; 7A(i, -e<7)^@{±, 2 c mJSL±-C*> *) , JCyf-^ifeK 

[0 0 4 7] 
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